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I, David Weiner, state as follows: 

1. My current position is Program Chair, Gene Therapy and Vaccines, Associate Professor, 
Department of Pathology and Laboratory Medicine, University of Pennsylvania College of 
Medicine. I have a B.S. from Stony Brook, NY and M.S. and Ph.D. degrees from University of 
Cincinnati. 

2. I am a founder of the field of DNA vaccines, and have actively conducted research in this 
field for almost 20 years. My group and collaborators were responsible for the first DNA 
vaccine investigational new Drug applications (IND's). These IND's were for HIV immune 
therapy. We have vaccinated over 160 individuals with HIV-1 DNA vaccines. These studies 
established that DNA vaccines are well tolerated and immunogenic in humans. Subsequently, 
we have developed a new set of more potent second generation DNA which have exhibited 
improved potency in non human primates. These vaccines are now in clinical trials for HIV 
prophylaxis as well as immune therapy. I am on the executive board of the American Society of 
Gene Therapy, I am the meeting organizer of the bi Annual international DNA vaccines meeting, 
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I am an advisor to the WHO on regulatory aspects of DNA vaccines, and the US FDA on DNA 
vaccines, I regularly read the scientific literature relating to gene therapy and review for all of the 
major Gene Therapy journals, and I give seminars and regularly attend meetings and seminars in 
this field. I have also been a consultant to Wyeth for several years, which I understand is a 
licensee of the above-captioned application. 

3. I am already generally familiar with the work described in the patent application through my 
role as a consultant to Wyeth. However, for purposes of this declaration, I have reviewed the 
above application, and pertinent official actions and responses in the file history. I understand 
that the above application was filed in May of 1999 and should be evaluated as of the state of the 
art of that date. 

4. The Examiner's comments make it appear as if gene therapy was effectively moribund in 
1999, and there was virtually no chance of successfully implementing a clinical therapy at that 
date without further developments in the field. Although I would agree there have been 
occasional setbacks however, many advances are being made. For example this year two DNA 
vaccine products were licensed, both in the field of veterinary medicine, furthermore the gene 
therapy vector based approaches of Adenovirus vaccines and DNA vaccines for HIV have 
entered in large phase II trials sponsored by a highly serious and highly esteemed groups of 
investigators at the NIH Vaccine research center and at the pharmaceutical company Merck. 
Obviously both groups only move such an approach forward if they believe that these are the 
most promising of the arsenals for development. I believe that as a whole the Examiner portrays 
an unduly negative picture. In every year since 1989, numerous human clinical trials have been 
initiated. For example, 37 human clinical trials were initiated in 1993, 38 in 194, 67 in 1995, 51 
in 1996, 82 in 1997, 67 in 1998, 1 17 in 1999, 96 in 2000, 104 in 2001, 82 in 2002, 76 in 2003 
and 86 in 2004. These trials included a variety of delivery techniques including retroviruses, 
adenovirus, naked DNA and adenoassociated virus and a variety of conditions to be treated. 
Before a drug can enter human clinical trials, the investigator must submit an application to the 
FDA (or similar body in other countries) detailing preclinical work and providing an explanation 
why the investigation may be successful. This explanation must be found convincing to the FDA 
before the trial can be allowed to proceed. The numbers of approved clinical trials show that 
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gene therapy was regarded as sufficiently mature for substantial use on human patients by at 
least the mid 1990 f s and has remained so ever since. In fact, gene therapy for vaccines and 
immune therapy approaches is believed by many to be among the most promising of all 
therapeutic fields. 

5. I acknowledge that gene therapy has at times received negative press, a notorious example 
being associated with a clinical trial to treat children with severed combined immuno deficiency 
disease (SCID) due to a defective gene encoding the enzyme adenosine deaminase in the X- 
chromosome. In the absence of treatment, these children must be kept in containment bubbles 
and usually die at a young age. The clinical trial used retroviral vectors to replace the defective 
gene in the children. The trial was highly successful in treating the underlying defect in the 
children. Children, for the first time since their infancy, could leave their containment "prisons" 
hug their parents and siblings, play with friends, go to school, in other words live completely as 
children should. However, it was subsequently found that after several years about 10% of the 
treated children developed leukemia. Notwithstanding that the leukemia was itself treatable in 
most children and the children would have died without the gene therapy, the trial was halted by 
the regulatory body, which is waiting for non retroviral vectors for gene therapy delivery such as 
the new lentiviral vectors that are under development. It is widely believed that these new 
vectors will successfully treat this disease with out the associated leukemia risk. Although this 
end to the trial brought a lot of bad publicity for gene therapy, most considered the trial on the 
whole to have been a success in demonstrating that gene therapy could achieve a substantial 
clinical benefit in one of its more difficult applications (i.e., gene replacement therapy). 

6. As I have indicated gene therapy has been used for treatment of a wide variety of conditions. 
The degree of difficulty depends on the condition. For example, treatments which try to 
compensate for a deficiency in an endogenous gene (such as the bubble children example), 
which require permanent expression of a gene, or which require expression of a nucleic acid in a 
particular tissue type are relatively difficult. By contrast, treatments which require transiently 
expressing a protein in the blood are relatively simple. A protein can be delivered to the blood 
via a number of different cell types including muscle, liver cells, and fibroblasts. Also, the 
accumulation of a protein in the blood allows for easy assessment of its levels, and consequent 
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adjustment of dosage and/or frequency of administration to suitable levels. Indeed, for these 
reasons, it may be inaccurate to characterize the methods as gene therapy. 

7. Although the approach described in the above application treats a condition of the brain, 
treatment can be effected using DNA immunization to deliver an antibody in the blood. 
Moreover, from my knowledge of a clinical trial involving active immunization with A/3 in 
which some beneficial effect was experienced from only a relatively short period of treatment 
notwithstanding considerable variation in antibody levels generated, it appears that even transient 
low level expression of antibody can be sufficient to have some benefit. I realize of course that 
the previous clinical trial actively immunized with A/3 protein, whereas the methods at issue here 
immunize with DNA encoding an antibody. Nevertheless, I believe a connection can reasonably 
be drawn between the two in predicting that relatively low level and transient expression of 
antibodies may exert some benefit as both have a goal of generating antibodies to A/3 in the 
blood. In my opinion, the use of DNA vaccination to deliver antibodies to the blood in such 
fashion represents a relatively undemanding form of gene therapy of a kind for which numerous 
clinical trials were approved in and around 1999. This form of gene therapy does not require 
experimentation to resolve issues, such as those relating to tissue specific expression or 
permanent expression, that have arisen in other forms of gene therapy. 

8. As I have indicated by 1999, several delivery systems were well known and in use in clinical 
trials, including adenoviruses, adenoassociated viruses, retroviruses and naked DNA. I and other 
scientists in the field were well familiar with the types of vectors, regulatory systems and 
methods of delivery used in these approaches, and would not need a patent application to spell 
out these matters in great detail. Construction of vectors and testing in cell culture, and 
performing any necessary modifications to ensure a desired level of expression before 
commencing gene therapy were all considered routine practice in the field. In particular, 
deleting the El gene from adenoviral vectors was entirely common practice in the field before 
1999, because of advantages of improved production (see, e.g., Alvarez et al., Human Gene 
Therapy 8(2), 229-42 (1997)). I also note that the constitutive CMV promoter disclosed in the 
application would be appropriate for expressing an antibody in any of a variety of tissues for 
ultimate delivery to the blood. Of the approaches described in the patent application, my 



4 



preference would have been to inject adenoassociated virus directly into the blood or to inject 
naked DNA into muscle. Both result in delivery of antibodies to the blood and neither is 
significantly affected by immunogenicity. Nevertheless, I believe other strategies would also 
work. 

9. I understand the Examiner is of the view that difficulties with immunogenicity rendered gene 
therapy infeasible as of 1999. However, this was not the view of those in the field, such as me, 
at that date (or now), nor the FDA or similar regulatory bodies in other countries, nor as outlined 
above the federal government ( i.e. the NIH sponsored very high profile Vaccine center which 
was directly praised this year by President Bush at theG8 summit) or the large pharmaceutical 
company Merck. Issues of immunogenicity were most relevant to the use of adenovirus. 
However, this did not stop adenovirus being used as the vector in numerous clinical trials. 
Immunogenicity was not a problem using retroviral vectors, adenoassociated virus or naked 
DNA. 

10. I also understand that the Examiner doubts that antibodies could be successfully expressed 
following immunization with DNA and disregards the example provided by Arafat et al 9 Gene 
Therapy, 9, 256-62 (2002) because it was published three years after the priority date of the 
present application. Arafat injects adenovirus encoding a single-chain antibody into the blood to 
express antibody. I see nothing of importance in the Arafat reference that was not known in the 
field of gene therapy by at least 1999. In particular, as I have noted, the practice of deleting El 
from adenoviral vectors was entirely standard in the field at that date. Moreover, others have 
successfully expressed injected DNA encoding an antibody previously (see Alvarez et al. Human 
Gene Therapy 8(2), 229-42 (1997)). Thus, I conclude that an antibody could have been 
successfully expressed by conventional gene therapy technology available in 1999. 

1 1 . In conclusion, I do not agree with the negative view of gene therapy in general portrayed by 
the examiner, nor with extent of problems alleged to exist in carrying out the methods of nucleic 
acids immunization described in the above patent application. The application describes a 
strategy of treating Alzheimer's disease using antibodies to Aj3 and provides an example showing 
that this can be achieved by intravenous administration of a monoclonal antibody in a mouse 
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m odel In my opinion, those in the f,e.d of gene therapy around 1999, including me, wJd ave 
considered it plausible that a similar result could be achieved by using DNA immunizat,,,. 
deliver antibody to the blood, and that we could achieve this without excessive expert,* on 
based on our existing knowledge of the field and the teaching of the specif.cat.on. 
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cements were made with the knowledge that willful false statements and the hke so .,,.< « 

punishable bv fine o, imprisonment, or both, under Section 1001 of Title 18 of the Unml *. 

Code, and that such willful false statements may jeopardize the validity of the apphcat„r, , any 
patent issuing thereon. 
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Clinical Protocol 



A Phase I Study of Recombinant Adenovirus Vector-Mediated 
Delivery of an Anti-erbB-2 Single-Chain (sFv) Antibody 
Gene for Previously Treated Ovarian and Extraovarian 

Cancer Patients 

STUDY CHAIRMEN: Ronald D. Alvarez, M.D. 

Division of Gynecologic Oncology 
Room 538, Old Hillman Building 
618 South 20th Street 
Birmingham, AL 35233-7333 
PHONE: (205)-934-4986 
FAX (205) 975-6174 

David T. Curiel, M.D. 

Gene Therapy Program 

Room 620, Wallace Tumor Institute 

1824 6th Avenue South 

Birmingham, AL 35233-7333 

PHONE: (205)-934-8627 

FAX (205) 975-7476 



1.0 Objectives 

1.1 To determine the maximally tolerated single dose (MTD) 
of a recombinant adenovirus encoding an anti-erbB-2 sin- 
gle chain antibody gene (sFv) in previously treated ovar- 
ian and extraovarian cancer patients. 

1.2 To determine the spectrum of toxicities encountered with 
and the safety of administration of a recombinant aden- 
ovirus encoding an anti-erbB-2 single chain antibody gene 
(sFv) in previously treated ovarian and extraovarian can- 
cer patients. 

1.3 To determine antitumor activity at the molecular level of a 
recombinant adenovirus encoding an anti-erbB-2 single 
chain antibody gene (sFv) in previously treated ovarian and 
extraovarian cancer patients. 

2.0 Background and Rationale 

2.1 Significance of Study 

Epithelial ovarian carcinoma is the leading cause of death 
from gynecologic cancer in the United States. Approximately 



24,000 new cases were estimated to occur in 1994 resulting in 
13,600 deaths from this disease.[l] This figure exceeds the 
number of deaths from all other gynecologic malignancies com- 
bined. Primary papillary adenocarcinoma of the peritoneum (ex- 
traovarian carcinoma) is a distinct clinical entity that histolog- 
ically and clinically mimics epithelial ovarian carcinoma.[2] 
Over 70% of these patients present with late stage disease, the 
majority of which cannot be completely resected at the time of 
initial surgery. Chemotherapy has become the primary adjunct 
to surgery in obtaining a complete clinical remission in ovar- 
ian cancer patients. 

Many different classes of chemotherapeutic agents have 
demonstrated activity in ovarian cancer.[3] The demonstration 
that cisplatin was active in previously treated patients with re- 
current ovarian cancer led to a series of prospective random- 
ized clinical trials to determine the role of cisplatin in the pri- 
mary treatment of ovarian cancer patients. The Gynecologic 
Oncology Group (GOG) performed the largest trial of a plat- 
inum-containing regimen versus a non-platinum regimen. Four 
hundred forty patients with suboptimally debulked Stage in and 
Stage IV ovarian carcinoma were randomized to receive dox- 
orubicin plus cyclophosphamide, with or without cisplatin. The 
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clinical response rate of 51% in the cisplatin group was signif- 
icantly higher than the 26% response rate in the group that did 
not receive cisplatin (p < 0.0001). [4] Several other studies have 
confirmed the increased response to platinum containing regi- 
mens and have lead to the standard use of platinum based reg- 
imens in patients with advanced ovarian cancer.[5, 6] 

Paclitaxel is a new agent which has demonstrated consider- 
able activity in patients with ovarian carcinoma. Based on the 
activity of paclitaxel as a second line agent, the GOG conducted 
a prospective randomized trial in advanced ovarian cancer com- 
paring cisplatin and cyclophosphamide to cisplatin and pacli- 
taxel. In an interim report of 290 evaluable patients, the clini- 
cal response rate was significantly higher for the 
cisplatin/paclitaxel arm (79%) than that achieved in the cis- 
platin/cyclophosamide group (63%). [7] This reported response 
advantage to the combination of cisplatin and paclitaxel, along 
with an increased supply of paclitaxel, has lead to the adoption 
of this regimen as first line therapy in many centers and as the 
standard arm in many ongoing Phase QI clinical trials. 

Although response to initial chemotherapy in ovarian cancer 
patients approaches 70%, most are transient and approximately 
80% of patients (particularly those with advanced stage disease) 
will recur. A variety of salvage therapies have been evaluated. 
Paclitaxel appears to be the most effective second line agent 
for patients with persistent or recurrent ovarian cancer.[8] 
However, limitations in long term response and incorporation 
of paclitaxel into primary therapy has diminished the initial eu- 
phoria over paclitaxel as a salvage agent. Ifosphamide and hexa- : 
methylmelamine have demonstrated activity as salvage agents; 
however, response rates are approximately 20% and are rarely 
long term. [9, 10] Intraperitoneal consolidation chemotherapy 
has been investigated but the impact on long term survival is 
inconclusive.[ll] Radiotherapy with P32 or whole abdominal 
radiation appears to have limited effectiveness, particularly in 
patients with large volume disease. [12] 

Although a variety of salvage agents and strategies have been 
investigated, few have demonstrated long term effectiveness 
and the five-year survival of patients with stage in disease re- 
mains at best 15% to 30%. It is evident that advances in ther- 
apy are needed to improve survival in these patients. As an al- 
ternative, we have developed gene therapy strategies targeting 
ovarian carcinoma. The goal of this study is to evaluate one of 
these gene therapy strategies: recombinant adenovirus encod- 
ing the anti-erbB-2 sFv gene. Specifically, we will establish the 
MTD and evaluate the safety and toxicity of this method in pre- 
viously treated ovarian and extraovarian cancer patients. In ad- 
dition, we will determine if this gene therapy can accomplish 
any molecular evidence of antitumor activity in this patient pop- 
ulation. 

2.2 Background for Proposed Gene Therapy Strategy 

The rationale for the present proposal is based upon several 
concepts, which are delineated herein: 

2.27 Strategies to accomplish mutation compensation 

The recognition of, and definition of, the molecular basis of 
carcinogenesis makes it rational to consider genetic approaches 
to therapy. In this regard, a number of strategies have been de- 
veloped to accomplish cancer gene therapy [13-20]. One of 



these strategies is mutation compensation, in which gene ther- 
apy techniques are designed to rectify the molecular lesions eti- 
ologic of malignant transformation in the cancer cell. 

One of the genetic lesions etiologic of malignant transfor- 
mation is aberrant expression of "dominant" oncogenes. 
Aberrant expression of the corresponding oncogene product is 
thought to elicit the associated neoplastic transformation. Gene 
therapy strategies have been proposed to achieve genetic cor- 
rection of this type of lesion. In this context, the molecular ther- 
apeutic intervention is designed to ablate expression of the dom- 
inant oncogene. The most universally employed methodology 
to achieve this end is the utilization of "anti-sense" molecules 
(DNA orRNA oligonucleotides) [21-24]. These molecules are 
designed to specifically target "sense" sequences to achieve 
blockade of the encoded genetic informational flow. A variety 
of experimental models have demonstrated the potential utility 
of the anti-sense approach as an anti-cancer therapeutic. Several 
studies have shown the ability to selectively ablate a dominant 
oncogene with reversion of the malignant phenotype.[25, 26] 
In selected instances, the in vivo demonstration of this effect 
could also be accomplished by direct, in vivo delivery of the 
anti-sense molecules.[27, 28] Thus, the antisense approach of- 
fers the potential to achieve targeted disruption of specific genes 
and potential anti-cancer effect. 

Despite the potentially novel therapeutic strategies offered 
by the anti-sense approach, this methodology in practice is as- 
sociated with severe limitations which has limited wide em- 
ployment of this technology in human gene therapy anti-can- 
cer protocols. In this regard, it has been difficult to block 
expression of a great many cancer-related genes with anti -sense 
techniques. In addition, delivery of the anti-sense molecules has 
been highly problematic.[21-23] The tumor environment is 
deleterious to these unstable molecules and it is often difficult 
to achieve effective intracellular levels. To circumvent this 
problem, a number of design modifications of the anti-sense 
molecules have been developed to enhance their stabil- 
ity. [2 1-23, 29] In addition, a number of vector approaches have 
been explored for effective cellular deli very. [27, 30, 3 1 ] Despite 
these various maneuvers, the over-riding limitations to the em- 
ployment of this promising therapeutic modality remains the 
idiosyncratic efficacy of specific anti-sense for a given target 
gene and the suboptimal delivery of anti-sense molecules. 

2.22 Intracellular antibodies to achieve selective 
erbB-2 ablation 

As an alternative method to achieve targeted gene "knock- 
out" we have developed a highly novel methodology. In this 
regard, we have been able to construct a gene encoding a sin- 
gle-chain immunoglobin (sFv) directed against a specific onco- 
gene. The resultant recombinant molecule, when expressed in 
prokaryotic systems, could yield a single-chain antibody (sFv) 
which retained the antigen recognition and binding profile of 
the parent immunoglobin. We wondered whether it might also 
be possible to exploit the exquisite specificity of immunoglo- 
bins for selected gene knock-put in a distinct manner. We chose 
to target the erbB-2 oncogene. ErbB-2 is a 185-kDa trans- 
membrane protein kinase receptor with extensive homology to 
the family of epithelial growth factor receptors. [32] Several 
lines of evidence suggest that aberrant expression of the erbB- 
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2 gene may play an important role in neoplastic transformation 
and progression. In this regard, ectopic expression of erbB-2 
has been shown to be capable of transforming rodent fibroblasts 
in vitro. [20] In addition, transgenic mice carrying either nor- 
mal or mutant erbB-2 develop a variety of tumors, predomi- 
nantly neoplasms of mammary original 9] Importantly, it has 
been shown that amplification and/or over-expression of the 
erbB-2 gene occurs in a variety of human epithelial carcino- 
mas, including malignancies of the breast, ovary, gastro- 
intestinal tract, salivary gland, and lung. [16-18] In the instances 
of breast and ovarian carcinoma, a direct correlation has been 
noted between over-expression of erbB-2 and aggressive tumor 
growth with reduced overall patient survival.[15, 24] A method 
was thus conceptualized whereby intracellular expression of the 
anti-erbB-2 sFv could inactivate the erbB-2 gene product. In 
this regard, it was hypothesized that if an anti-erbB-2 sFv were 
localized to the endoplasmic reticulum (ER) of the target 
SKOV3 cells, the nascent, newly synthesized erbB-2 protein 
would be entrapped within the ER of the cells, and unable to 
achieve its normal cell surface localization. It was further hy- 
pothesized that this intracellular entrapment would prevent the 
erbB-2, a transmembrane tyrosine kinase receptor, from achiev- 
ing interaction with its ligand, thus abrogating the autocrine 
growth factor loop driving malignant transformation in erbB-2 
over-expressing cell lines. 

2.25 The preliminary data which relates to these 
studies 

2231 Intracellular expression of anti-erbB-2 single 
chain immunoglobulin (sFv) results in down- 
regulation of cell surface erbB-2 expression in 
SKOV3 cells 

As a means to prevent maturational processing of the nascent 
erbB-2 protein during synthesis, a gene construct was designed 
which encodes an anti-erbB-2 single chain immunoglobulin 
(pGT21) (Figure 1 [Ed. Note: Figures not reproduced except 
for Fig. 19.]). It was hypothesized that expression of this con- 
struct in target cells would result in an ER localized form of 
the sFv which would entrap erbB-2 during synthesis thus pre- 
venting its subsequent translocation to the cell surface. As a 
control, a similar anti-erbB-2 sFv was designed, which lacked 
a signal sequence which would dictate its localization to the ER 
(pGT20). These sFv constructs were cloned into the eukaryotic 
expression vector pCDNA3, which directs high level heterolo- 
gous gene expression from the CMV early intermediate pro- 
moter/enhancer. For this analysis, the plasmid DNAs pCDNA3, 
pGT20, and pGT21 were transfected into the erbB-2 over- 
expressing human ovarian carcinoma cell line SKOV3 using 
the adenovirus-polylysine (AdpL) method (Figure 2). 
Preliminary experiments demonstrated that the adenovirus- 
polylysine-DNA complexes containing a 0-galactosidase re- 
porter gene (pCMV/3) accomplished detectable levels of re- 
porter gene expression in >95% of targeted cells. At various 
times after transfection, the cells were evaluated for cell sur- 
face expression of erbB-2 using the technique of immunohis- 
tochemistry employing an anti-human erbB-2 monoclonal an- 
tibody. Cells transfected with the irrelevant plasmid DNA 
pCDNA3 exhibited high levels of cell surface erbB-2, as would 
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be expected (Figure 3). Additionally, SKOV3 cells transfected 
with the non-ER form of the anti-erbB-2 sFv(pGT20) exhibited 
levels of cell surface erbB-2 similar to the pCDNA3 control. In 
marked contrast, SKOV3 cells transfected with pGT21, which 
encodes an ER form of the anti-erbB-2 sFv, demonstrated 
marked down-regulation of cell surface erbB-2 expression. This 
down-regulation appeared to be time-dependent with cell sur- 
face erbB-2 levels progressively declining from 48 to 96 hours 
post-transfection. At 96 hours ppst-transfection, fewer than 10% 
of the pGT21 transfected cells exhibited detectable levels of 
cell surface erbB-2 protein. The cells otherwise appeared mor- 
phologically indistinguishable from the control groups. 

2232 Intracellular expression of anti-erbB-2 single- 
chain immunoglobulin (sFv) results in marked 
inhibition of cellular proliferation in SKOV3 
cells 

To determine whether cell surface expression of erbB-2 was 
correlated with cellular proliferation rates, the effect of the var- 
ious gene constructs on tumor cell proliferation was evaluated. 
For this analysis, immunohistochemistry for the proliferation 
associated antigen Ki-67 was employed (Figure 4). Transfection 
of cells with the control plasmid pCDNA3 resulted in the im- 
munohistochemical detection of active cellular proliferation. In 
addition, transfection with the non-ER form of the anti-erbB-2 
sFv (pGT20) did not result in any net change in cell prolifera- 
tion. In marked contrast, transfection of the erbB-2 over- 
expressing cell line SKOV3 with the ER form of the anti-erbB2 
sFv resulted in a dramatic inhibition of cellular proliferation. 

The degree of inhibition of cell proliferation was also as- 
sessed employing a quantitative assay (Figure 5). Control stud- 
ies had established a linear relationship between the number of 
proliferative cells and the concentration of formazan released. 
Transfection of SKOV3 cells with the pCDNA3 plasmid did 
not affect the measured index of cellular proliferation when 
compared to non-transfected cells (p = 0.103). Additionally, 
cells transfected with the non-ER form of the anti-erbB-2 sFv 
did not significantly differ from these two controls (p = 0.1 18). 
However, transfection of SKOV3 with the ER form of the anti- 
erbB-2 sFv resulted in a very significant inhibition of cellular 
proliferation (p < 0.001). Extrapolation of the measured ab- 
sorbance against the standard curve indicated that cellular pro- 
liferation was inhibited more than 95% compared to the con- 
trol groups. Thus, the expression of the ER form of the 
anti-erbB-2 sFv inhibits proliferation of these erbB-2 over- 
expressing tumor cells. It is of interest that the level of down- 
regulation of cell surface erbB-2 mediated by the ER form of 
the anti-erbB-2 sFv is paralleled by the magnitude of the ob- 
- served anti-proliferative effects. 

2233 Intracellular expression of anti-erbB-2 single- 
chain immunoglobulin results in marked 
reduction in survival of neoplastic cell clones 

As the ER anti-erbB-2 sFv exhibited such a prominent anti- 
proliferative effect, it was hypothesized that it might also exhibit 
a direct tumoricidal effect in cells modified to stably express this 
gene construct As the plasmids pCDNA3, pGT20 and pGT21 
contained neomycin selectable markers, they were used to derive 
stable clones. As a preliminary control, the various plasmid con- 



232 



CLINICAL PROTOCOL 



structs were utilized to derive G41 8 resistant clones in HeLa cells, 
a cancer cell line not characterized by over-expression of erbB- 
2. After selection, the number of clones derived from transfec- 
tion with pGT20 and pGT21 was not significantly different from 
the cells transfected with the control plasmid pCDNA3.(Tab!e 1) 
A similar analysis as then carried out with the erbB-2 over-ex- 
pressing tumor line SKOV3 as the target In this study, the num- 
ber of clones derived with pGT20 did not differ from the num- 
ber derived with the control plasmid pCDNA3.(Table 1) 
Transfection with pGT21, however, resulted in a dramatic re- 
duction in the number of stable clones derived (p< 0.001). It 
thus appeared that the expression of the ER form of the anti- 
erbB-2 sFv was incompatible with long term viability of trans- 
fected SKOV3 cells. Further, this effect, appeared to be specific 
for erbB-2 over-expressing cells as this differential survival was 
not noted for HeLa cells. A similar analysis was carried out on 
another i tumor target, the ovarian carcinoma cell-line SW626. 
This cell line is also known to over-express cell surface erbB-2, 
however, not at the same magnitude as for the SKOV3 cells. In 
this study, the ER anti-erbB-2 sFv also showed a significant re- 
duction in the number of stable clones when compared to the 
non-ER form of the anti-erbB-2 sFv (p = 0.020). The magnitude 
of this effect, however, was substantially less than that observed 
for SKOV3. It thus appears that the level of anti-neoplastic ef- 
fect achieved by the anti-erbB-2 sFv is correlated with the level 
of cell surface erbB-2 over-expression on target cells. 

2.234 Intracellular expression of anti-erbB-2 single- 
chain immunoglobulin (sFv) results in 
abrogation of tumorogenicity of SKOV3 cells in 
soft agar and in xenografted nude mice 

Anchorage independent growth in soft agar is considered a 
marker of malignant transformation and tumorigenicity. To test 
the effect of anti-erbB-2 sFvs on anchorage independent growth, 
we assayed SKOV3 cells for their ability to grow on soft agar 
after transient transduction with the plasmid DNA constructs car- 
rying the anti-erbB-2 sFv gene. SKOV3 cells transduced with 
control DNA pCDNA3 and cytosolic anti-erbB-2 sFv, pGT20, 
exhibited more than 20 fold higher colony-forming efficiency 
than the group transduced with the ER directed anti-erbB-2 sFv, 
pGT21. (Figure 6) In this regard, the ER form of the anti-erbB-2 
sFv was found to exert a marked anti-neoplastic effect on SKOV3 
cells resulting in an arrest of anchorage independent growth on 
soft agar. Thus, reversion of malignant phenotype was achieved 
in vitro in the human ovarian carcinoma cell line SKOV3. 

Formation of xenogeneic tumors in the soft tissues of im- 
munodeficient mice is an additional index of tumorigenicity. 
Thus, an additional experimental test was performed to assess 
the ability of transfected ovarian cancer cells to form tumors in 
nude mice. Human ovarian cancer cells, SKOV3, were transiently 
transduced with either the relevant, ER form of the anti-erbB-2 
sFv or the control constructs, and subsequently injected subcu- 
taneously (s.c.) into nude mice to determine their tumorigenic 
potential. A significant time-dependent increase in tumor vol- 
umes was noted in animals injected with tumor cells transduced 
with the control construct and the cytosolic anti-erbB-2 
sFv.(Figure 7) In marked contrast, complete tumor eradication 
was achieved 80 days after s.c. transplant in the group challenged 
with the ER directed anti-erbB-2 sFv. Thus reversion of malig- 



nant phenotype was achieved in vivo in xenogeneic tumor grafts 
as indicated by this additional assay of tumorigenicity. 

2.235 Intracellular expression of anti-erbB-2 single- 
chain immunoglobulin (sFv) results in a 
cytocidal effect by inducing dpoptosis 

Plasmid DNAs which encoded either the cytosolic form of 
the ER-form of the anti-erbB-2 sFv were delivered to SKOV3 
cells, as well as the control plasmid pCDNA3. Transfected cells 
were evaluated for growth, kinetics by analysis of the time- 
dependent increase in cell number. It could be noted in this 
analysis that cells transfected with the irrelevant plasmid DNA, 
pCDNA3, as well as the cytosolic pGT20 showed a time- 
dependent increase in cell number.(Figure 8) In marked con- 
trast, transfection with the ER-form of the anti-erbB-2 sFv, 
pGT21, resulted in a significant inhibition of cell growth. 
Analysis of the cell growth in this group demonstrated a kinetic 
pattern consistent with tumor cell eradication rather than with 
growth arrest. Thus, analysis of cell growth kinetics suggested 
that intracellular expression of the ER-form of the anti-erbB r 2 
sFv was cytocidal to erbB-2 over-expressing tumor cells, and 
not cytostatic as initially postulated. 

To more accurately determine the precise biologic effect of 
anti-erbB-2 sFv expression in the erbB-2 ovefexpressing tumor 
target, direct analysis of cell viability was studied. For this 
analysis, the XTT assay was employed. This method provides 
a direct determination of cell viability by quantifying a specific 
cellular enzymatic reaction.[33] For this analysis, the ovarian 
carcinoma line SKOV3 was transfected as before with the plas- 
mid DNAs pCDNA3, pGT20 and pGT21. Transfection with 
pGT21 resulted in a time-dependent decrease in cell viability. 
This effect was demonstrated to result in a >95% decrement 
in the number of viable cells in this group by 72 hours post- 
transfection.(Figure 9) Transfection with the control plasmids 
pCDNA3 and pGT20, however, did not exert any significant 
effect on cell viability. These results therefore confirm our pre- 
vious study demonstrating that the ER form of the sFv uniquely 
elicits phenotypic alterations in the SKOV3 cells. 

The foregoing studies are consistent with the concept that en- 
trapment of erbB-2 within the ER of erbB-2 over-expressing tu- 
mor cells triggers their eradication. However, this effect may not 
simply be based on erbB-2 down-regulation, as anti-sense inhi- 
bition of erbB-2 gene expression can elicit proliferative arrest of 
erbB-2 over-expressing cells, but not their killing.[34, 35] The 
high level of specificity of this effect in erbB-2 over-expressing 
cells suggested that the basis of this may be the triggering of a 
program for induced cell death in these tumor targets. Thus, to 
further delineate the mechanistic basis of this effect, studies were 
carried out to determine if programmed cell death, or apoptosis, 
was occurring. As before, the plasmid DNA constructs pCDNA3, 
pGT20 and pGT21 were delivered to the erbB-2 over-express- 
ing SKOV3 cells and the non-erbB-2 expressing tumor cell line 
HeLa. At specific time points post-transfection, cells were har- 
vested and evaluated for evidence of nuclear DNA fragmenta- 
tion, a hallmark of programmed cell death.[36, 37] In the HeLa 
cells, transfection with the various constructs did not result in 
any evidence of apoptotic cellular events as determined by mor- 
phologic appearance or alterations in DNA as measured by gel 
electrophoresis.(Figure 10A) Transfection of the SKOV3 cells 
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with the control plasmid pCDNA3 and the cytosolic anti-erbB- 
2 sFv pGT20 similarity did not elicit any evidence of cellular 
apoptosis. When the SKOV3 cells were transfected with the ER 
form of the anti-erbB-2 sFv, however, marked changes in chro- 
mosomal DNA were noted. These changes were first detected at 
48 hours post-transfection and revealed on 2% agarose gel as a 
characteristic apoptotic ladder with fragmentation of DNA into 
segments differing in molecular weight by the approximate mag- 
nitude of 200 bp.(Figure 10B) 

As an additional assay of apoptosis, the presence of apop- 
totic nuclei was evaluated employing differential nuclear ur> 
take of DNA-binding dyes.[38] In this analysis, it could be seen 
that SKOV3 cells transfected with the plasmid DNA pGT21 
showed intense nuclear staining characteristic of cellular apop- 
tosis. These alterations were not seen in cells transfected with 
the control plasmids pCDNA3 and pGT20.(Figure 11A-C) 
f Quantitative analysis demonstrated that >90% of the trans- 
fected SKOV3 cells exhibited apoptotic nuclear changes, 
whereas cells transfected with pCDN A3 and pGT20 did not ex- 
hibit a level of apoptosis different from untransfected con- 
trols.(Figure 1 ID) Thus, the basis of the cytocidal effect of the 
ER anti-erbB-2 sFv in the erbB-2 over-expressing cells was the 
induction of cellular apoptosis. 

2.236 Intracellular expression of anti-erbB-2 single- 
chain immunoglobulin (sFv) results in marked 
reduction in survival of primary ovarian cancer 
cells 

As previously demonstrated, intracellular expression of the 
ER form anti-erbB-2 sFv was cytocidal to erbB-2 overexpress- 
ing tumor cells, and not cytostatic as we had initially postu- 
lated.^] The next step in establishing the potential utility of 
this approach in a clinical context was to treat primary human 
tumor material. To establish the biologic effect of the anti-erbB- 
2 sFv in primary cultures, erbB-2 expressing ovarian carcinoma 
cells (OVCA2) were isolated and cultured from human malig- 
nant ascites. The XTT assay was employed for direct determi- 
nation of cell viability with anti-erbB-2 sFvs. The human ovar- 
ian carcinoma cell line, SKOV3, was used as a positive control. 
OVCA2 and SKOV3 cells were transfected as before with plas- 
mid DNAs. The ER directed anti-erbB-2 sFv elicited a signif- 
icant cytotoxic effect in both of these cells 96 hrs post-trans- 
fection. (Figure 12). The magnitude of the cytocidal effect 
observed in primary cultures was comparable to that observed 
in the cell line known to overexpress erbB-2. Control experi- 
ments clearly demonstrated that this effect was highly specific 
for erbB-2 overexpressing cell lines and was not observed in 
cells transduced with the cytosolic sFv or pCDNA3 construct 
Thus, inhibition of erbB-2 in primary cultures by intracellular * 
sFv resulted in complete tumor cell eradication. Importantly, 
this result demonstrated the utility of this method of targeted 
tumor eradication in the context of human disease. 

2.237 Transfection of anti-erbB-2 single-chain 
immunoglobulin (sFv) is more efficiently 
achieved with a recombinant adenovirus vector 
in vivo 

To accomplish gene therapy for ovarian carcinoma by this 
approach, gene delivery must be achieved to tumor cells in situ 



by direct, in vivo application. To determine the optimal vector 
for this strategy, direct in vivo gene delivery was studied in a. 
human tumor xenograft model. For this analysis athymic nude 
mice were challenged intraperitoneally with 1 x 10 7 SKOV3 
cells to establish an orthotopic model of human ovarian carci- 
noma. After 48 hours, vectors containing an E. Coli galactosi- 
dase (lacZ) reporter construct were administered intraperi- 
toneally in the study animals. Evaluated vector systems 
included adeno-poly lysine complexes (AdpL), recombinant 
adenovirus (AdCMVlacZ), and catiohic liposomes (DOTAP). 
After an additional 48 hrs, the peritoneal contents were har- 
vested and human ovarian carcinoma cells were evaluated for 
the expression of the lacZ reporter gene. In this analysis, the 
highest level of in situ transduction was accomplished by the 
recombinant adenovinis.(Figure 13) Thus, a recombinant ade- 
novirus will be employed for direct in vivo delivery of the anti- 
erbB-2 sFv gene to the peritoneum. 

2.238 Construction and in vitro analysis of a 
recombinant adenovirus encoding the 
anti-erbB-2 sFv 

As the optimum vector for in situ transduction of ovarian 
carcinoma cells was shown to be the adenovirus, a replication- 
defective, recombinant adenovirus was constructed encoding 
the anti-erbB-2 sFv.(Figure 14) To establish that the anti-erbB- 
2 sFv gene functioned in this vector configuration, analysis of 
the recombinant anti-erbB-2 encoding adenovirus was carried 
out. For these studies, the adenovirus encoding the ER-form of 
the anti-erbB-2 sFv (Ad21) was delivered to the erbB-2 over- 
expressing human ovarian carcinoma cell line SKOV3. Cells 
were analyzed for viability employing the XTT assay as previ- 
ously described. In this analysis, it could be seen that the anti- 
erbB-2 sFv encoding adenovirus exerted the same cytocidal ef- 
fect in the erbB-2 over-expressing targets as observed with the 
AdpL-mediated delivery.(Figure 15) Thus, a replication-defec- 
tive adenovirus encoding the anti-erbB-2 sFv has been con- 
structed for the application of direct, in situ gene transfer to 
ovarian carcinoma cells. 

2.239 Efficacy of recombinant adenovirus encoding 
anti-erbB-2 sFv in an in vivo orthotopic murine 
model 

To establish the utility of the adenoviral vector for this ap- 
plication, we constructed an orthotopic murine model employ- 
ing human tumor xenografts with SKOV3 cells. Forty-eight 
hours after engraftment with SKOV3 cells, SCID mice were 
challenged intraperitoneally with the ElA-deleted recombinant 
adenovirus encoding the anti-erbB-2 sFv (Ad21) or an ElA- 
deleted recombinant adenovirus encoding the irrelevant reporter 
gene lacZ (AdCMVlacZ). Ninety-six hours after treatment, the 
animals underwent peritoneal lavage for analysis of harvested 
tumor cells. It could be seen in this analysis that the number of 
viable cells was dramatically decreased in the Ad21 group com- 
pared to the AdCMVlacZ group.(Figure 16A) Analysis of the 
mechanism of cell death demonstrated that the Ad21 virus in- 
duced cellular apoptosis in vivo, as had been demonstrated in 
vitro.(Figure 16B) Thus the recombinant adenovirus encoding 
the anti-erbB-2 sFv accomplished a specific cytocidal effect in 
an orthotopic murine model of human ovarian cancer. 
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224 Highly selective gene knock-out employing 
intracellular single-chain antibodies 

These studies have allowed the definition of a potential ther- 
apeutic modality for the achievement of selective eradication 
of genetically aberrant target cells. In the context of anti-can- 
cer therapeutics, it has been proposed that selective abrogation 
of specific target genes can revert neoplastic cells from the ma- 
lignant phenotype. In this regard, the over-expression of dom- 
inant oncogenes has been shown to be a critical determinant of 
neoplastic transformation and progression. Targeted disruption 
of these genes, in selected instances, may accomplish reversion 
from this malignant phenotype or initiation of cell death. This 
has been accomplished utilizing strategies of anti-sense and 
transdominant mutations in both in vitro and in vivo experi- 
mental models. The utilization of intracellular single-chain im- 
munoglobulins represents a novel strategy for this purpose. This 
methodology offers significant potential advantages over pre- 
vious genetic techniques for therapeutic gene ablation. In this 
regard, many monoclonal antibodies (mAbs) have been devel- 
oped against a variety of cancer related gene products. It would 
thus be logical to convert these reagents to sFvs which would 
thus possess the potential for therapeutic utility. As in the ex- 
ample reported here, expression of intracellular immunoglobu- 
lins may possess the potential to achieve a highly selective ef- 
fect on specific gene products with the end result of targeted 
tumor eradication. This high level of specificity would predict 
that these agents would be selectively toxic for cancer cells ex- 
pressing the relevant target oncogene. This high level of speci- 
ficity would therefore allow the achievement of a high thera- 
peutic index for cancer therapeutics. 

2241 Safety of the approach using an anti-erbB-2 sFv 
encoding recombinant adenovirus in the context 
of ovarian cancer gene therapy 

One of the theoretical advantages of this approach is the tar- 
geted nature of this intervention. There are two potential safety 
issues relating to this protocol. The first issue relates to ectopic 
localization of the intraperitoneally delivered adenovirus. In this 
regard, previous studies by Crystal et al[40] and Abelda et 
al[41] have demonstrated that recombinant adenoviral vectors 
delivered by this route in murine models remain localized to 
the peritoneal cavity. In Crystal's study, sensitive PCR tech- 
niques could not demonstrate any adenovirus beyond the peri- 
toneal cavity. [40] In Abelda's study, it was confirmed that in- 
traperitoneally delivered adenovirus was confined to the 
peritoneum. [41] The small amount of ectopic expression noted 
was within the surrounding mesothelium and within hepato- 
cytes. Therefore, to determine the potential deleterious effects 
of anti-erbB-2 sFv expression at these sites, transduction of hu- 
man hepatoma and mesothelioma cell lines was accomplished. 
In these studies, it could be demonstrated that expression of the 
anti-erbB-2 sFv had no cytocidal effects in these cellular tar- 
gets.(Figure 17) Therefore, we do not expect any significant 
level of ectopic localization of the intraperitoneally delivered 
adenovirus on the basis of the extensive studies of Crystal and 
Abelda.[40, 41] In the context whereby some ectopic trans- 
duction might occur, we have shown that expression of the anti- 
erbB-2 sFv will not be deleterious to these cellular targets. 

In addition, direct toxicity of the anti-erbB-2 sFv encoding 



recombinant adenovirus was evaluated. For these studies, SCID 
mice were challenged intraperitoneally with various doses of 
the Ad21 vector. Seven days post challenge, animals were stud- 
ied for organ level pathology by gross and microscopic analy- 
sis. In these studies, no animal suffered untoward clinical ef- 
fects related to the viral vector. In addition, no organ level 
pathology could be attributed to the anti-erbB-2 sFv encoding 
recombinant adenovirus. 

23 Application in ovarian cancer 

ErbB-2 has been established to be a transmembrane protein 
tyrosine kinase receptor.[42] Candidate ligands specific for this 
receptor have been identified; however, the precise mechanisms 
of receptor-Iigand interaction remain to be established. Cell sur- 
face over-expression of the erbB-2 protein has been linked to 
aberrant cellular proliferation. [43-45] The basis for this phe- 
nomenon has been putatively based upon the ability of erbB-2 
to accomplish tyrosine kinase-mediated signal transduction af- 
ter interaction with its cognate ligand. 

Overexpression of erbB-2 has been shown to be important in 
the pathogenesis of a large subset of ovarian carcinomas. [43-45] 
In addition, in these instances, the overexpression of erbB-2 has 
been shown to be correlated with a more aggressive tumor with 
worse overall prognosis. [46, 47] Thus, ovarian carcinoma is an 
ideal target for initial studies designed to evaluate the therapeu- 
tic efficacy of gene delivery strategies employing intracellular 
single-chain-mediated erbB-2 knock-out. 

The prominent down-regulation of cell-surface erbB-2 would 
be predicted to significantly attenuate its ability to interact with 
its cognate ligand. This effect would be further anticipated to 
impair ligand-induced receptor transduction with a negative ef- 
fect on cellular proliferation. The correlation between cell sur- 
face erbB-2 expression and cellular proliferation, as noted in 
the previously described preliminary data, is consistent with the 
concept that receptor-Iigand interaction is crucial to the ability 
of erbB-2 to promote cellular proliferation. 

It is highly appropriate to investigate this novel therapy in re- 
current ovarian and extraovarian cancer patients. This population 
of patients has no available curable therapeutic options. The pro- 
posed gene therapy strategy employing an anti-erbB-2 sFv gene 
has been highly promising in animal studies. All gene therapy 
trials in humans thus far have been Phase I studies. Therefore, 
the intent of this proposal is to primarily establish the toxicity 
and safety and secondarily determine molecular efficacy of this 
promising therapy. Completion of this protocol will allow de- 
velopment of Phase II trials which will identify clinical efficacy. 

3.0 Study Modalities and Safety Information 

3.1 Formulation of anti-erbB-2 sFv gene construct 

An expression plasmid was derived containing a gene con- 
struct encoding a single chain immunoglobin directed against 
human erbB-2. For this purpose, the eukaryotic expression vec- 
tor pCDNA3 (Invitrogen) was used which drives transcription 
via the CMV early intermediate promoter/enhancer and contains 
a neomycin resistance gene as a selective marker. The anti-erbB- 
2 sFv plasmid e23scFv was obtained from Oncologix and used 
for the derivation of subsequent constructs. Genetic modifica- 
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tions of the anti-erbB-2 sFvs were carried out employing poly- 
merase-chain reaction (PCR) methods. PCR was performed us- 
ing Pfu polymerase (Strategene) with the 5' primer 
AGGGTACCATGGACGTCCAGCTGACC, and the 3' primer 
GCTCTAGATTAGGAGACGGTGACCGTGGTCC. The PCR 
product, containing an ATG initiation codon followed by the 
sFv gene, was subject to digestion with the restriction endonu- 
cleases Kpnl and Xbal, and cloned into pCDNA3. To ensure 
that the sFv was directed to the ER, the coding sequence for a 
leader peptide (MKSHSQVFVFLLLCVSGAHG) was incorpo- 
rated into the 5' end of the anti-erbB-2 sFv coding sequence by 
PCR methods. This PCR product was cloned into the KpnI/Xbal 
sites of pCDNA3. This construct is named pGT21. A replica- 
tive-defective adenovirus encoding the ER form of the anti- 
erbB-2 sFv gene was constructed as shown in Figure 14. 

3.2 Preparation 

Recombinant adenoviral vectors have been developed which 
are replication-defective based upon genomic deletions in the 
El region. These have been employed in a variety of approved 
and ongoing clinical trials. The adenoviral vector employed for 
this study is constructed in a matter consistent with these pre- 
vious studies. The propagation of the recombinant adenoviral 
vector is carried out on the transcomplementing cell line 293. 
This is accomplished as shown in Figure 19. 

3.3 Storage 

Prepared adenoviral vector will be diluted to a concentration 
of 1 x 10 u plaque forming units/ml and stored in aliquots at 
-70°C until use. The storage will be in 500 pA aliquots in ster- 
ile, individual capped vials. 

3.4 Supplier 

We have previous experience in preparing human use vec- 
tor reagents for clinical gene therapy protocols. We will seek a 
FDA IND for local production of our adenoviral vector and all 
work will be carried out within FDA guidelines. 

3.5 Administration 

Recombinant adenovirus encoding the anti-erbB-2 sFv gene 
will be administered intraperitoneally through a percutaneous 
Tenckhoff catheter. The catheter will be placed as a secondary 
procedure at the time of laparotomy or as a primary procedure 
at a subsequent operation. The Tenckhoff catheter will be in- 
serted into the peritoneal cavity, tunnelled through the subcu- 
taneous tissue, and exteriorized through a percutaneous stab in- 
cision in the lower abdominal wall. 

On the day of therapy, 1000 ml of saline will be infused with 
5 mCi of Tc-aggregated albumin with nuclear imaging to as- 
sure adequate distribution. The patient will then receive an in- 
traperitoneal bolus infusion of the assigned dose of anti-erbB- 
2 adenovirus complex followed by infusate of an additional 500 
ml of saline. 

3.6 Peritoneal Aspiration and Tumor Biopsy 

At various specified points in the study, peritoneal contents 
will be harvested for evaluation. A tumor biopsy will be done 



at the time of Tenckhoff catheter placement. Peritoneal aspira- 
tion will be accomplished by infusion of 1000 ml of saline at 
the time of placement or through the Tenckhoff catheter fol- 
lowed by immediate withdrawal employing manual suction/ 
Previous studies of intraperitoneal chemotherapy have demon- 
strated the feasability of retrieval of carcinoma cells for cyto- 
logic evaluation.[48, 49] Harvested cellular material will be 
used for studies of safety and molecular efficacy of the gene 
therapy protocol. 

4.0 Patient Eligibility and Exclusions 

4.1 Eligibility Criteria 

4. 1 1 Patients must have a histologically documented epithelial 
ovarian carcinoma or extraovarian adenocarcinoma. 

4.12 Patients must have persistent or recurrent disease after 
standard debulking/staging surgery and first or second- 
line chemotherapy. 

4.13 Patients must have immunohistochemical or ELISA evi- 
dence of erb-B2 over-expression in the most recently 
available tumor specimen. 

4.14 Patients must be 18 years or older. 

4.15 Patients may have measurable or nonmeasurable macro- 
scopic residual disease. Disease must be confined to the 
peritoneal cavity ± retroperitoneal nodes. 

4.16 Patients must have a GOG performance status of 0, 1, or 
2, and have a life expectancy of greater than 3 months. 

4.17 Patients must have adequate hematologic, renal, cardiac, 
and hepatic function defined as: 

WBC > 3,000 /xl 
Granulocytes > 1,500 p\ 
Platelets > 100,000 

Creatinine < 2.0 or Creatinine clearance > 60 mg/dl 
Serum transaminases < 3 X upper limits of normal 
Normal serum bilirubin 

4.18 Patients must have signed informed consent. 
42 Exclusion Criteria 

4.21 Patients with epithelial tumors of low malignant poten- 
tial, stromal tumors, and germ cell tumors of the ovary 
are ineligible to participate in the study. 

4.22 Patients who have been diagnosed with a prior malignancy 
with the exception of basal cell carcinoma of the skin are 
ineligible to participate in the study. 

4.23 Patients who have received more than two prior 
chemotherapy regimens or prior irradiation are ineligible 
to participate in the study. 

4.24 Patients with nonmeasurable microscopic residual disease 
are ineligible to participate in the study. Patients with in- 
traabdominal disease >5 cms in diameter, intrahepatic 
disease or disease beyond the abdominal cavity are inel- 
igible to participate in the study. 

4.25 Patients who are pregnant or lactating are ineligible to par- 
ticipate in the study. 

4.26 Patients with a GOG performance status of 3 or 4 are in- 
eligible to participate in the study. 
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4.27 All potential candidates for the study will be tested for 
HIV infection. Those who are HTV positive are ineligible 
to participate in the study. 

4.28 All potential candidates will be assessed for adequacy of 
intraperitoneal fluid distribution. Those potential candi- 
dates with <75% distribution are ineligible to participate 
in the study. 



5*0 Treatment Plan 

5.1 The study will identify the maximal tolerated single dose 
of recombinant adenovirus encoding the anti-erbB-2 sFv 
gene. After completing pretreatment evaluation (Section 
6.1)and fulfilling the eligibility criteria (Section 4.0), pa- 
tients will be treated with the assigned single dose of re- 
combinant adenovirus as described in Section 3.5. All pa- 
tients will be treated in the General Clinical Research 
Center (GCRC). 

The dose range of recombinant adenovirus is based upon 
analogy to similar studies in humans evaluating Phase I pa- 
rameters related to recombinant adenovirus vectors. The 
dose range of recombinant adenovirus encoding the anti- 
erbB-2 sFv gene in this study contains amounts of replica- 
tion incompetent adenovirus resulting in the net delivery of 
a range of adenovirus particles paralleling those in previ- 
ously approved human gene therapy protocols. In these pre- 
vious studies, more than 20 patients at five centers have re- 
ceived recombinant adenoviral vectors. 

5.2 Doses will be escalated in successive cohorts of patients 
according to the following schedule: 



Group 


Plaque forming units 


1 


10 8 


2 


10 10 


3 


10 12 



5.3 Parameters for Dose Escalation 

5.31 Temporal delay between treatment of new 
patients 

The last patient entered at a dose level must be observed for 
at least 3 weeks after therapy prior to enrolling the first patient 
at the next dose level. 

5.32 Number of patients per dose level 

At least three patients will be treated at each dose level at 
which no dose-limiting toxicities occur. If dose-limiting toxic- 
ity occurs in one of the first 3 patients at a dose level, then ad- 
ditional patients (six if MTD not clearly exceeded before six 
are treated) will be treated at that dose level. If 0/3 or 1/6 pa- 
tients at a dose level experience dose-limiting toxicity then dose 
escalation may proceed to the next level. 

If 2 patients at a dose level have experienced dose-limiting 
toxicity, then the study will be closed. 

5.4 There will be no intrapatient dose escalation. 



6.0 Treatment Evaluation 

6.1 Pretreatment Evaluation 

The following observations and tests shall be performed 
within the week prior to initiating treatment: history and phys- 
ical, toxicity grading, assignment of performance status, labo- 
ratory (CBC with differential, platelet count, chemistry profile, 
CA-125, anti-adenovirus type 5 antibody titer, and HIV titer), 
CT of abdomen and pelvis, and tumor measurements (in two 
dimensions, if measurable). A peritoneal aspirate and tumor 
biopsy will be obtained to provide baseline data for studies of 
molecular efficacy and. safety. 

6.2 Evaluation during Treatment 

6.21 Evaluation for toxicity 

Patients will be observed for 24 hours in the GCRC after ad- 
ministration of recombinant adenovirus encoding the anti-erbB- 
2 sFv gene. Any acute toxicity will be recorded. The following 
observations and tests shall be performed weekly for eight 
weeks after treatment: history and physical, toxicity grading, 
assignment of performance status, laboratory (CBC with dif- 
ferential, platelet count, chemistry profile including renal and 
liver function tests, CA-125, and anti-adenovirus type 5 anti- 
body titer). 

6.22 Evaluation for safety 

In addition to clinical toxicities, vector-associated, cellular 
toxicities will be evaluated in this study. The employment of a 
replication-defective adenovirus in this study raises two rele- 
vant vector-related safety issues: 1) replication of the genomic- 
deleted adenovirus due to trans-complementing cellular factor 
and 2) recombination of the genomic-deleted adenovirus with 
generation of wild-type adenoviral particles. Cellular material 
harvested from the peritoneum at time points specified in 
Section 6.25 will be briefly established in primary culture. 
Cellular supernatants will then be collected and evaluated for 
context of adenovirus. Titering on the El trans-complementing 
cell line 293 will be employed to evaluate the replication of the 
El -deleted virion in tumor material. Titering on the cell line 
HeLa will be employed to evaluate the derivation of wild-type 
adenoviruses through recombinantional events. 

6.23 Evaluation of molecular response 

Efficacy of the gene transfer and gene therapy treatment will 
be evaluated at the molecular level employing tumor material 
derived from the patients. In this regard, tumor cells harvested 
from the peritoneum at time points specified in Section 6.25 
will initially be analyzed for efficacy of anti-erbB-2 sFv gene 
transfer to ovarian cancer cells in situ. This analysis will allow 
confirmation of the biologic consequences of gene transfer at 
the cellular level as well as provide an index of transduction 
frequency. These studies will confirm the efficacy of anti-erbB- 
2 sFv gene transfer by molecular biology and immunocyto- 
chemistry analysis of tumor cells for: 1) the presence of the 
anti-erbB-2 sFv DNA, 2) the presence of mRNA transcripts cor- 
responding to the encoded sFv gene, and 3) anti-erbB-2 sFv 
protein corresponding to the encoded sFv gene. 
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Tumor cells will subsequently be evaluated for the predicted 
effects of the sFv gene transfer by employing the assays de- 
scribed in the preliminary data section. Specifically, tumor cells 
will then be evaluated for: 1) cell surface erbB-2 expression by 
immunocytochemistry and EUSA, and 2) cellular proliferation 
by Ki-67 immunocytochemistry and MTT assay. These studies 
will allow evaluation of the effects of sFv erbB-2 knock-out in 
the context of an intact patient in a human gene therapy proto- 
col. They will provide preliminary evidence of the potential ef- 
ficacy of this therapy. 

6.24 Evaluation of clinical efficacy 

At the eighth week, tumor measurements (in two dimen- 
sions), a CT of abdomen and pelvis will be performed. 

6.25 ", Summary of Observations and Tests 

The following observations and tests are to be performed and 
recorded before, during, and after treatment for patients enrolled 
in Part A: 



Parameter 



Pre- 
Rx 



Day 
1 



Days 4, 7, 14, 
21, 28, 35, 
42, 49 



History/Physical 
Weight/Performance 

Status 
HIV 

Toxicity Grading 
CBC/diff/Plt 
Chem Profile 1 
Peritoneal aspirate 
Antiviral AB Titers 
Ca-125 

Tumor Measurements 
CT Abdomen/pelvis 



Day 56 



X 
X 



X 
X 



X 
X 



X 
X 



X 
X 
X 
X 
X 
X 
X 
X 



JStT^ rofile t0 include Electr °Iytes, BUN, Creatinine, 
SGOT, Bilirubin, Alkaline Phosatase. 



7.0 Study Parameters 

7.1 Toxicity Grading 

Gynecologic Oncology Group Toxicity criteria (Appendix I) 
will be used for grading of toxicity. Adverse reactions not in- 
cluded m these Criteria will be graded as follows: 



Description 



Grade 



Mild 

Moderate 

Severe 

Life-threatening 
Lethal 



1 

2 
3 
4 
5 



7.2 Definition of Dose Limiting Toxicity (DLT) 

For the purpose of this study, DLT will be defined as any 
grade 3 or greater non-hematologic toxicity other than nausea, 
vomiting, or fatigue. Hematologic toxicity will be considered 
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dose-limiting if it produces a platelet count <20,000 an ab- 
solute neutrophil count (ANC) <500 for >5 days if the pa- 7 
bent is admitted to the hospital for a neutropenic fever, or if 
there is delay of the initiation of the second course of therapy 
by greater than seven days because of hematologic toxicity. 

7.5 Definition of Maximum Tolerated Dose (MTD) 

For the purposes of this study, the MTO will be exceeded 
by the dose at which two out of at most six patients experience 
dose-limiting toxicity (DLT). The MTD will be equivalent to 
the recommended Phase n schedule. 

7.4 Definition of Molecular Response 

Response to therapy will be evaluated both at the clinical 
and molecular level. Molecular response will be determined by 
evaluation of tumor material for evidence of the phenotypic ef- 
fect of anti-erbB-2 sFv expression in target cells. These effects 
include: 1) evidence of transfection of targeted ovarian cancer 
cells with sFv construct, 2) down regulation of cell surface 
erbB-2 expression, and 3) inhibition of cellular proliferation 
These assays will be carried out in primary tumor material ex- 
actly as previously described for cancer cell lines in the pre- 
liminary data section. 

7.5 Clinical Response Criteria 

Clinical response is not a primary endpoint of this study but 
any responses will be documented and reported. Best response 
achieved during the treatment period will be used and reported 
as follows: 

7.51 Complete Response: Disappearance of all clinical and lab- 
oratory signs and symptoms of active disease for a mini- 
mum of six weeks. 

7.52 Partial Response: A 50% or greater reduction in the size 
of the lesions as defined by the sum of the products of the 
longest perpendicular diameters of all measured lesions 
lasting for a minimum of four weeks. No lesions may in- 
crease in size and no new lesions may appear. 

7.53 Minor Response: A 25 to 49% reduction in the sum of the 
products of the longest perpendicular diameters of all 
measured lesions lasting for a minimum of one month. No 
lesion may increase in size and no new lesions may ap- 
pear. This also includes patients with evaluable but non- 
measurable disease and objective but incomplete re- 
sponse. 

7.54 Stable Disease: Tumor measurements not satisfying the 
criteria for response or progression. 

7.55 Progressive Disease: An increase of 25% or more in the 
sum of the products of the longest perpendicular diame- 
ters of all measured indicator lesions compared to the 
smallest previous measurement or the appearance of a new 
lesion. 



8.0 Study Monitoring and Reporting Procedures 

8.1 A copy of the protocol, informed consent, and IRB ap- 
proval will be on file in the office of the principal inves- 
tigators. 
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8.2 Clinicopathologic data including adverse reactions will be 
recorded on standardized data forms. 

8.3 Adverse Effects Reporting Procedure 

8.31 The adverse reaction should be reported to the principle 
investigators. The following guidelines must be followed: 
(NCI — The requirement for prompt reporting of advene 
events to Investigational Drug Branch by phone within 24 
hours, followed by a written report within 10 working 
days.) 

All life-threatening events (Grade 4) which may be due 
to drug administration. 
All fatal events. 

The first occurrence of any previously unknown clini- 
cal event (regardless of grade). 

8.32 Written report to follow within 10 working days to: 
Investigational Drug Branch 

P.O. Box 30012 
Bethesda, MD 20824 



9.0 Statistical Considerations 

This is a Phase I study. The primary objective is to deter- 
mine the maximally tolerated dose (MTD) of a recombinant 
adenovirus containing an anti-erbB-2 sFv antibody gene. A 
commonly used design of Phase I trials is adopted for this study 
as described in section 5.0. Descriptive statistics will be used 
to summarize the results. No other statistical methods will be 
used for this Phase I study. 

A total of three dose levels is planned for this study. 
Assuming on average 4.5 patients per each dose level (some 
may require 3 patients and some may require 6 patients), ap- 
proximately 14 patients are required. The actual number of pa- 
tients may be smaller if the study stops early. 

Projected total number of patients: 14 

Maximal total number of patients: 18 

Projected annual accrual: 10 patients 

Projected study duration: 2 years 
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Figure 19. Large scale viral preparation of adenovirus. Grow 
293 to -80% confluence in 75-cm flasks X 20 in DMEM/10% 
FCS/PCN + Strep . 

i 

Aspirate off media 
i 

Dilute viral stock in 100 ml of DMEM/2% heat-inactivated FCS 
and add 5 ml/flask 

i 

Incubate 37°C, 5% C0 2 , 1-2 hr 
i 

Add 10 ml of complete media/flask (DMEM/10% FCS/PCN + 
Strep) 

I 

Incubate as above 48-72 hr until prominent cytopathic effect 
seen in cells 

i 

Harvest cells + media from flasks in 50-ml capped centrifuge 
tubes 

i 

Centrifuge 1,000 rpm, 10 min, 4°C Beckman GS-GR Centrifuge 
CTabletop") 

I 

Aspirate off media and resuspend cell pellets in total volume 
of 10 ml of 2% FCS media 

i 

Freeze-thaw X 4 

Centrifuge as above except at 4,000 rpm, 20 min, 4°C and har- 
vest supernatant; save at 4°C while setting up gradients 

i 

Set up CsCl gradient tubes as follows: 
SW 28 tube: Step 20 ml of 1.33 CsCl 

10 ml of 1.45 CsCl 
5 ml of viral cell lysate 

centrifuge 18,000 rpm, l ! / 2 hr, 20°C 

i 

Harvest lowest band w/syringe (in approximately 2 ml) 
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Dilute 1:1 with 5 mAf HEPES, pH 7.8 
i 

SW41 tube: 4 ml of 1.33 CsCl 
4 ml of 1.45 CsCl 
4 ml of virus from 1st spin 

i 

Centrifuge 25,000 rpm, o/n (>18 hr), 20°C 
1 

Harvest lower band 

I 

Use virus directly for chemical coupling to poly-L-lysine or pre* 
serve as follows: 
dilute: 1 part virus 

5 parts viral preservation media 
Store in aliquots at -70°C 



Recipes 

Viral preservation media: 

1 M Tris, pH 8.0—1 ml 
5 A/NaCl— 2 ml 
0.1 gmBSA 

bring volume up to 50 ml w/H 2 0 

add 50 ml glycerol 

filter sterilize and store at 4°C 
CsCl 1.33 454.2 mg CsCI/ml 

20 mM HEPES, pH 7.4 
CsCl 1.45 609.0 mg CsCI/ml 

20 mM HEPES, pH 7.4 

Notes: 

1) Perform all steps in a sterile manner. 

2) P2 level of containment. 



Patient Informed Consent 

PHASE I STUDY OF RECOMBINANT 
ADENOVIRUS VECTOR-MEDIATED 
DELIVERY OF AN ANTI-ERBB-2 SINGLE- 
CHAIN ANTIBODY GENE FOR PREVIOUSLY 
TREATED OVARIAN AND EXTRAOVARIAN 
PATIENTS 

INTRODUCTION AND PURPOSE 

I understand that I have a form of ovarian or extraovarian 
cancer that has been resistant to standard chemotherapy or has 
recurred after an initial response to standard chemotherapy. 
Investigators at The University of Alabama at Birmingham 
Cancer Center are currendy looking into experimental treat- 
ments to improve therapy for patients with previously treated 
persistent or recurrent ovarian and extraovarian cancer. I have 
been asked by my physician to participate in a research study 
using a form of gene therapy. I have also been told that I have 
the option not to participate. I understand that I can take as 
much time as I would like to decide whether or not to partici- 
pate in this study. 



The purpose of this study is to determine the maximally tol- 
erated dose and to evaluate the effectiveness and safety of a 
particular form of gene therapy in the treatment of ovarian can- 
cer. I understand that this form of gene therapy involves in- 
jecting a special form of genetic material into my abdominal 
cavity. The material that will be injected isa gene which pro- v 
duces an antibody. The antibody is used to block another gene . 
(the erbB-2 gene) that is found in cancer cells. It is hoped that 
the ami -erbB-2 antibody gene will be well tolerated and will 
prevent the expression of the erbB-2 gene, thus inhibiting the 
growth of my cancer. 

The anti-erbB-2 gene will be delivered into my tumor cells 
by a virus. The virus, called adenovirus, is a cold virus that has 
been modified so that it does not cause disease but will easily 
enter the tumor cells. This adenovirus has been used to carry 
other genetic material and has been administered to a number 
of patients by a variety of routes in several other gene therapy 
protocols with no unexpected effects noted. This trial will eval- 
uate the physical side effects as well as the response of my tu- 
mor cells to the injection of this adenovirus containing an anti- 
erbB-2 antibody gene. 



EXPLANATION OF PROCEDURES 

I understand that the procedure will involve receiving a sin- 
gle dose of the adenovirus containing the anti-erbB-2 antibody 
gene. This material will be administered into my abdominal 
cavity through a catheter or tube. I understand that placement 
of the catheter is a surgical procedure. 

The purpose of this study is to determine the highest dose 
of the adenovirus containing the anti-erbB-2 antibody gene 
that humans can tolerate without significant side effects. 
Therefore, the dose will be increased in successive groups of 
patients. The dose I receive will depend on the experience of 
prior patients in this study. Depending on the progress of the 
study, I will receive one of three possible dose levels. I un- 
derstand that I will receive this treatment in the hospital and 
will remain hospitalized for 24 hours following treatment for 
observation. 

I understand that prior to the study, I will undergo a physi- 
cal exam, an HTV test, blood tests, aspiration of fluid from my 
abdominal cavity through the catheter and a CT scan of my ab- 
domen and pelvis. 

If I am eligible and choose to participate in this study, I un- 
derstand that I will be hospitalized to receive a single treatment 
of the assigned dose of adenovirus containing the anti-erbB-2 
antibody gene through the catheter in my abdominal cavity. I 
will remain in the hospital for 24 hours following this treat- 
ment Once a week for 8 weeks following my treatment, I will 
have a physical exam, blood tests, and aspiration of the fluid 
in my abdominal cavity through the catheter. I will have a CT 
scan of my abdomen and pelvis eight weeks after treatment. 

Following the eighth week, I will be scheduled for periodic 
clinic visits to assess my condition and to evaluate long-term 
side effects. I understand that I will be followed by the physi- 
cians involved in this study for the rest of my life and that I 
should keep these physicians informed of my current address. 
I further understand that a member of my family or someone 
else appointed by me should inform the physicians involved in 
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the study of my medical status in the event that I cannot attend 
scheduled follow-up visits. 

I understand that, should death occur during the course of 
this study or thereafter from a cause unrelated to my cancer, an 
autopsy may be requested by the physicians involved in this 
study. I further understand that I should inform the physicians 
if I am willing to give consent for this autopsy and to make my 
wishes concerning autopsy known to my family. 



RISKS AND DISCOMFORTS 

I understand that possible risks associated with surgical 
placement of a catheter into my abdomen include bleeding, in- 
fection or injury to abdominal organs. 

I understand that this form of gene therapy has not been given 
tq human patients. Animal studies have noted no toxicity or 
side effects. The potential acute or long-term side effects of 
having this gene taken into my cells are unknown. Despite ex- 
tensive efforts to assure its safety, I understand that other un- 
foreseen problems may arise including the very remote possi- 
bility of death. I understand that I will be carefully followed 
and evaluated for any side effects. 



MANAGEMENT OF SIDE EFFECTS 

I understand that care will be taken to keep complications at 
a minimum. Should any of the previously mentioned side ef- 
fects or others occur, I will be evaluated by the physicians in- 
volved in this study or their associates to determine what steps 
may be taken to reduce or eliminate them (for example, inter- 
rupt therapy or prescribe medication to control side effects). 



ALTERNATIVE TREATMENTS 

I understand that there are alternative treatments to this pro- 
tocol which may include additional chemotherapy or other ex- 
perimental programs. I also understand that I may elect to have 
no further therapy and to receive supportive care only. These 
alternatives have been discussed with me by the physicians in- 
volved in this study prior to my enrollment in this study. 



POTENTIAL BENEFITS 

I understand that it is not possible to predict whether any 
personal benefit will result from participation in this study. I 
understand that by participating in this clinical trial, I am con- 
tributing to science which will benefit future cancer patients by 
determining if this treatment is tolerated and effective against 
my type of cancer. 



CONFIDENTIALITY 

I understand that all or part of my medical records will be 
reviewed and analyzed by physicians, statisticians and other 



study personnel, along with the records of all other patients par- 
ticipating in this study from UAB. I understand that my hospi- 
tal records, doctor's office records, laboratory, operating room 
and other records may be audited by representatives of the NCI, 
the Food and Drug Administration (FDA) or other responsible 
organizations/agencies that may be concerned about the con- 
tent or character of my records. I understand that the usual med- 
ical records precautions will be taken to otherwise maintain the 
privacy and confidentiality of my records. The information 
gained from this study will be used to evaluate the treatment 
described and will appear in medical journals as scientific pa- 
pers. I understand that my name will not appear in any such re- 
port. I understand that other media interests may report the re- 
sults of this study. Every effort will be taken to maintain the 
confidentiality of my records, and my name will not appear in 
any such report. 



WITHDRAWAL FROM STUDY 

I understand that I am free to withdraw my consent to par- 
ticipation in this treatment at any time without penalty or prej- 
udice against future medical care I may receive at this institu- 
tion. I understand that my physician may remove me from the 
study if needed to guarantee that my best interests are served. 
I understand that I may choose to not continue with further treat- 
ment or evaluation at any time during the study. I also under- 
stand that should I withdraw from this study, I should maintain 
contact with the physicians involved in case I should have any 
adverse effects from treatment. 

I have been assured that any new information regarding this 
study and any treatment it involves which might affect my will- 
ingness to continue participation will be related to me in an ap- 
propriate and timely manner. 



COMPENSATION 

I understand that I will receive NO payment or compensa- 
tion of any kind in exchange for my participation in this study. 
I understand that the anti-erbB-2 antibody gene will be pro- 
vided free of charge. All other reasonable and customary 
charges associated with treatment of persistent/recurrent ovar- 
ian or extraovarian cancer will be my responsibility or my in- 
surance company's responsibility. I further understand that 
UAB, the FDA, and the NCI have made NO provision for pay- 
ment to me in the event of physical or psychological injury 
resulting from the research procedures. In the event such in- 
jury occurs, medical treatment at this institution is provided, 
but is not provided free of charge. Third party carriers such 
as private insurance companies, Medicare or Medicaid, may 
or may not agree to pay for medical care required as a result 
of investigational cancer treatment. If these providers refuse 
to pay for such services, I understand that I am liable for any 
hospital or other medical bill. We will intervene on your be- 
half, if at all possible, to clarify whether your medical ex- 
penses will be covered by your insurance company. 
Additionally, our social worker Mrs. Michael K. Schepps, can 
be reached at 934-4737 should you wish to inquire about ob- 
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taining coverage for your medical expenses prior to making a 
decision as to whether or not you wish to participate. 



QUESTIONS 

I have the right to ask questions and receive reasonable an- 
swers to my satisfaction at any time, now or later. I am en- 
couraged to seek information from agencies such as the 
American Cancer Society or the Cancer Information Service 
that might help my understanding of my disease and treatment. 
I can contact Dr. Ronald D. Alvarez, his associates and nurses 
at (205) 934-4986 or Dr. David T. Curiel at (205) 934-8627 for 
any questions or problems that arise. 



AGREEMENT 

I understand that I am medically and physically qualified to 
participate in this study. I am making a decision whether or not 
to participate. The nature of this research project has been fully 
explained to me and I understand my options for treatment at 
this time. I understand that I am not waiving any of my legal 
rights by signing this document. I have received a copy of this 
written informed consent, in addition to a full verbal explana- 
tion. My signature below indicates that I agree to participate in 
this study given the information provided. 



Signature of Patient 



Date 



Signature of Witness 



Date 



Signature of PI or Attending Physician 



CLINICAL PROTOCOL 

AUTHORIZATION TO RELEASE MEDICAL 
INFORMATION 



Date 



Permission is hereby given 

to release my medical information to: 

Ronald D. Alvarez, M.D. & Associates 
Department of Obstetrics & Gynecology 
Division of Gynecologic Oncology 
The University of Alabama at Birmingham 
618 South 20th Street 
Birmingham, Alabama 35233-7333 



Signed 



Patient 



Signed 

Witness 

Identifying information at time patient was seen: 
Name 



Address 



Telephone Numbers) 
Birth Date 



Race 



Social Security Number 



Schema 



Establish maximal tolerated single dose (MTD) of intraperi- 
toneal recombinant adenovirus encoding anti-erbB-2 antibody 
(sFv) 



Intraperitoneal 
PFU 



Evaluation 



Recurrent ovarian/ io 8 
extraovarian cancer —¥ 10 10 
confined to abdomen 10 12 



Date 



Toxicity 
Safety 
Molecular 
response 
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